Abstract -The objective of this work was to investigate the relationships between predators and parasitoids, leaf chemical composition, levels of leaf nitrogen and potassium, total rainfall, relative humidity, daylight and median temperature on the intensity of whitefly, aphid, and thrips attack on cabbage. Whitefly, aphids and thrips population tended to proliferate in the final stage of plant or reached a peak population about 40 days after plantation. The whitefly and thrips tended to increase with an increase in the median temperature. A dependence of Cheiracanthium inclusum and Adialytus spp. populations on whitefly and aphids populations, respectively, was observed. No significant effect was detected between K and nonacosane leaf content and aphid population. However, an increase in leaf N content was followed by a decrease of this insect population. No significant relation was observed between leaf N, K and nonacosane and whitefly and thrips populations. Highest nonacosane levels were observed in plants 40 days after transplant, and relative humidity correlated negatively with nonacosane. Natural enemies, especially the parasitoid Adialytus spp. and the spiders can be useful controlling agents of the whitefly and aphids in cabbage. Median temperature can increase whitefly and thrips populations.
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Introduction
Cabbage Brassica oleracea var. capitata Linneu, cultivated worldwide, is attacked by pests such as whitefly Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidade), aphid Brevicoryne brassicae (Linneu) (Hemiptera: Aphididae) and Thrips tabaci Lindeman (Thysanoptera: Thripidae). These insects weaken the plant by sucking the sap and introducing toxins into the plant's vascular system, coating the leaf with honeydew, facilitating the growth of soot mold, and producing white streaking disorder, leaf chlorosis and leaf wrinkling.
The control of these insects consists primarily of blanket use of insecticides. The frequency of insecticide applications is determined by the degree of damage which is heavily influenced by cosmetic considerations (Filgueira, 2000) . One of the principal reasons for this extensive application is the lack of information on factors affecting insect population. Such information could facilitate the prediction of insect attack, which in turn could reduce economic losses.
Several factors such as climatic conditions (Gonçalves, 1997) , crop fertility status, age and growth rate (Marschner, 1995) , natural enemies and leaf chemical composition (Eigenbrode & Pillai, 1998; Leite et al., 2005) can influence insect population in plants.
The objective of this work was to correlate intensity of predators and parasitoids, leaf chemical composition, levels of leaf nitrogen and potassium, total rainfall, relative humidity, daylight and median temperature with the intensity of B. tabaci, B. brassicae and T. tabaci attack on cabbage under field conditions.
Material and Methods
The experiment was conducted using six cabbage plantations of Brassica oleraceae var. capitata genotype "Saturno", planted 50 to 200 m apart from each other, from October 1998 to November 1999, in Viçosa, MG, Brazil. Cabbage plantations 1, 3, 4 and 6 were planted in October 1998, February 1999, March 1999 and August 1999, respectively; they were first evaluated after ten days. Plantations 2 and 5 were planted in January 1999, and June 1999, respectively, and were first evaluated after 30 and 40 days, respectively.
The cabbage cultivars comprised 1,600 plants spaced 0.4 m apart within rows and 0.8 m between rows. The six peripheric rows and the first 15 plants on each side of the row formed an outer border and the remaining plantation was considered the useful area. Cultural practices were followed throughout the cultivation period as described for cabbage (Filgueira, 2000) . Plants were not pulverized with pesticides.
The beating tray method (Miranda et al., 1998 ) was used to estimate weekly the number of adults of B. tabaci, T. tabaci, predators and parasitoids. Direct counting was applied in adults and nymphs of B. brassicae (Leite et al., 2005) present in one leaf from each of 10 plants per plantation. The beating tray method consisted in beating the first fully expanded leaf, which is next to the cabbage head, in a 34x26x5 cm white tray and counting the insects.
Insects lodged into the tray were collected, using an aspirator or tweezers, and held individually, in 8x2 cm glass flasks containing 70% ethanol, for identification. Nymphal B. tabaci parasitism index in the cabbage plant was evaluated weekly using 40x magnifying lens. One expanded leaf, close to the cabbage head, from each of the ten plants per plantation was collected, conditioned in transparent white plastic bags, sealed and transported to the laboratory, where the insects were counted. For each sample, 18 fields in the median part, field equidistant between the median vein and the margin, were analyzed.
To identify compounds soluble in hexane, fully expanded leave, close to the cabbage head, from 12 plants per plantation (plantations evaluated: 3, 4, and 6) were collected monthly. The hexane extract preparation, the analyzis by gas chromatography/mass spectrometry (GC/MS) and identification as well as quantification of nonacosane were carried out as described by Leite et al. (2005) .
In order to determine leaf N and K, an expanded leaf, next to the head, from 12 plants per plantation (plantations evaluated: 3, 4, and 6) was collected monthly and transported to the laboratory. The leaves were placed in Kraft paper bags, dried in a forced air circulation oven at 67 o C, for three days, and then grounded in a Wiley mill (20 mesh). K was determined with Flame Photometer (Coleman, Model 22) and N was analyzed by the Nessler method. Three evaluations (four leaves = one evaluation) were made for each monthly collection of the three plantations.
Viçosa climatic data -median temperature (minimum + maximum/2), daylight, total rainfall and relative humiditywere collected daily, at Estação Climatológica Principal, Universidade Federal de Viçosa (UFV) (INMET/ 5 o DISME/UFV), during the experiment. Data were submitted to regression analysis (p<0.05).
Results and Discussion
The whitefly, aphids and thrips population tended to an exponential rise increase in the final phase of the plant or reached a peak in about 40 days after plantation (Figure 1 A, B and C), when cabbage head was being formed. Simmons (1999) reported increase of B. tabaci population in pumpkin, eggplant, bean, zucchini and sweet pepper, as plants aged. Some aphid species, such as Myzus persicae (Sulzer), which is considered initial pest, could induce undesirable changes in the host plant physiology during development (Noortje & Lindhout, 1992) . Morphophysiological changes due to plant age, crop phenology and nutritional factors were reported to affect whitefly, aphid, and thrips populations in several crops (Hooks et al., 1998; Leite et al., 2005) .
A dependence of Cheiracanthium inclusum (Hentz) (Miturgidae) (0.12±0.03 per leaf) and Adialytus spp. (Hymenoptera: Braconidae) (0.07±0.03 per leaf) populations on whitefly and aphids populations, respectively, was observed (Figures 1 D  and E and 2 A and B) . Other natural enemies such as Encarsia sp. (Hymenoptera: Aphelinidae) (0.01±0.01 per leaf), Eulophidae (Hymenoptera) (0.03±0.01 per leaf) and Syrphus sp. (Diptera: Syrphidae) (0.01±0.01 per leaf) did not correlate (p>0.05) with whitefly, thrips and aphids populations, and no parasite-infected whitefly nymphs were detected, probably due to low number of these natural enemies.
The parasitoid Adialytus spp. and spiders were reported as limiting factors for population increases of B. brassicae and B. tabaci. In several plants, a positive effect of Braconidae, Encarsia sp., Eulophidae, predatory ladybugs (Coleoptera), Anthocoridae (Heteroptera), Syrphidae (Diptera), spiders, Condylostylus spp. (Diptera: Dolichopodidae) and entomopathogenic fungi was observed (Heinz & Nelson, 1996; Hooks et al., 1998; Tagashira & Hirose, 2001 ). Stansly et al. (1997) reported that natural enemy population tended to increase at the end of the cultivar cycle. This led to a decrease in plant quality, accompanied by decreases in insect pest with its natural enemy population.
Hence, to reduce whitefly, aphids and thrips populations, it is necessary to colonize, quickly, cabbage plantations with natural enemies (e.g. refuge crops and weedy margins), in order to achieve success on biological control; and to utilize insecticides, always selective, only when these pests reached nominal thresholds.
Several peaks were recorded on GC/MS analysis of the hexane extracts but only nonacosane (Similarity Index >90%) was identified by the mass spectra database. Among the factors studied, only relative humidity correlated negatively with nonacosane (Figure 2 C) . Highest nonacosane levels were observed in plants, 40 days after transplant (Figure 1 F) .
A small positive influence of nonacosane (nonsignificant effect, p>0.05), principal component of wax in Brassicaceae (Eigenbrode & Pillai, 1998) , was noted on whitefly, aphids and thrips populations in cabbage. Kale genotypes comprising a high content of leaf wax are more susceptible to B. brassicae attack but more resistant to M. persicae (Paula et al., 1995; Leite et al., 2005) . However, the accepted hypothesis is that the wax components rarely deter herbivore attack and more commonly stimulate them (Woodhead & Chapman, 1986) , such as observed here.
No significant effect (p>0.05) was detected between K leaf content and aphid population, however, an increase in leaf N content was accompanied by a decrease in the population of this insect (Figure 2 D) . No significant relation (p>0.05) was observed between N and K foliar content with whitefly and thrips. An increase in plant age was accompanied by a decreased leaf K and N content (Figures 1 G and H and 2 E and F) . High N levels have been associated with whitefly, aphids and thrips infestation in several crops (Brodbeck et al., 2001; Cisneros & Godfrey, 2001; Nevo & Coll, 2001) . N can be a key factor for increasing the aphids in cotton (Cisneros & Godfrey, 2001) . Leite et al. (2005) did not find effect of leaf N and K on the intensity of B. tabaci, T. tabaci and B. brassicae on kale. It was not possible to detect the effect of leaf K levels in cabbage on whitefly, aphids and thrips populations, and the effect of leaf N on whitefly and thrips populations, maybe due to small variation of this nutrient in the leaves during the experimental period. However, a negative effect of leaf N was noticed on the aphid density, but this effect seems to be related to plant age as N decreases with plant age and in general aphid population increases towards the end of plant cycle.
No significant (p>0.05) relation was observed between the median temperature and aphids and thrips, however a higher number of whitefly adults was observed in periods of higher average temperature (Figures 2 G and 3 A) . Total rainfall, daylight and relative humidity did not significantly (p>0.05) relate whitefly and aphids; and total rainfall and relative humidity for thrips (Figures 1 A, B and C and 3 B, C and D) . A smaller number of thrips was observed in periods of higher daylight (Figure 2 H) .
Whitefly and thrips population tended to increase with an increase in mean temperature in this work, despite higher occurrence of thrips in periods of smaller daylight. This seems to be an indirect relationship with temperature because the rainy season (convective rain) occurs during periods of high temperature and, consequently, small daylight. Increases in temperature favor the B. tabaci and T. tabaci populations while heavy rain and high humidity are deleterious to these insects (Gonçalves, 1997; Leite et al., 2005) . On the other hand, high temperatures and rainfall are important as they can produce high mortality of aphids in field (Nakata, 1995; Leite et al., 2005) .
Conclusions
1. Natural enemies, specially Adialytus spp. and the spiders, can be useful controlling agents of the whitefly and aphids in cabbage.
2. Median temperature can increase the whitefly and thrips populations. 
